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(g) Verfahren und Vorrichtung zur Stabilisierung eines Fahrzeuges 



Das erfindungsgemafie Verfahren betrifft ein Verfahren 
zur Stabilisierung eines Fahrzeuges, vorzugsweise zur 
Vermeidung des Umkippens eines Fahrzeuges urn eine in 
Langsrichtung des Fahrzeuges orientierte Fahrzeugachse, 
Hierzu wird eine die Querdynamik des Fahrzeuges be- 
schreibende GroBe ermitteit. Diese GroBe wird mit we- 
nigstens einem charakteristischen Wert, insbesondere ei- 
nem Schwellenwert, fur diese GroRe verglichen. Fur den 
Fall, bei dem die die Querdynamik des Fahrzeuges be- 
schreibende GroBe groBer als der oder gleich dem cha- 
rakteristischen Wert ist, wird die Geschwindigkeit des 
Fahrzeuges wenigstens durch Bremseneingriffe an we- 
nigstens einem Rad und/oder durch Motoreingriffe undV 
oder durch Retardereingriffe auf einen vorgebbaren Ge- 
schwindigkeitswert reduziert oder auf einem vorgebba- 
ren Geschwindkeitswert gehalten. 
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des beschreibenden GroBe ermitteit Als die die Radlast des wenigstens einen Rades beschreibende GroBe wild vorteil- 
hafterweise eine die Aufstandskraft des jeweiligen Rades beschreibende Gr6Be verwendet Diese GrdBe ist fur gewohn- 
iich in Schlupfregelsystemen verfugbar. 

Zur Ermittlung des charakteristischen Wertes bieten sich zwei Alteraativen an. Zum einen wird der charakleristische 
Wert in Abhangigkeit der Radlast wenigstens eines kurveninneren Rades und der die Querdynamik des Fahrzeuges be- s 
schreibenden GroBe ermitteit Wird, wie bereits erwahnt, als die die Radlast beschreibende Gr66e die Aufstandskraft des 
jeweiligen Rades yerwendet, so wird zur Ermittlung des charakteristischen Wertes ein UnearerZusammenhang zwischen 
der die Querdynamik des Fahrzeuges beschreibenden GroBe und der Aufstandskraft approximiert Der charakleristische 
Wert ergibt sich dann durch Interpolation, d. h. der charakteristische Wert entspricht dem Wert der die Querdynamik be- 
schreibenden GroBe, bei dem die Aufstandskraft Null wird. 10 

Diese Vorgehensweise nutzt aus, daB sich in querdynamisch kritischen Situationen die Instabilitat eines Fahrzeuges 
zuerst im Radverhalten bemerkbar macht. D. h. man erhalt durch diese Art der Ermittlung recbtzeitig ein prSzises MaB 
fur die in der entsprechenden Situation maximal zulassige Querdynamik des Fahrzeuges. Da sich in querdynamisch kri- 
tischen Situationen eine drohende Instabilitat zuerst an den kurveninneren Radera des Fahrzeuges zeigt, wird der charak- 
teristische Wert vorteilhafterweise in Abhangigkeit einer die Radlast eines kurveninneren Rades beschreibenden GroBe 15 
ermitteit 

Bei der zweiten Alternative wird in Abhangigkeit der die Radlasten beschreibenden GrSBen eine die Masse des Fahr- 
zeuges beschreibende GroBe ermitteit Der charakteristische Wert wird dann mit Hilfe der die Masse des Fahrzeuges be- 
schreibenden GroBe aus einem Kennfeld ausgelesen. Die einzelnen Werte des Kennfeldes lassen sich ebenfalls im Vbr- 
feld durch Fahrversucbe, unterstOtzt von Simulationen, ermitteln. Die Fahrzeugmasse wird deshalb als Parameter ver- 20 
wendet, da die Fahrzeugmasse die SchwerpunktbSbe des Fahrzeuges beeinfluBt, die wiederum das Kippverhalten des 
Fahrzeuges und somit die maximal zulassige Querbeschleunigung bei einer Kurvenfahrt beeinfluBt 

Die beiden zuletzt genannten Vorgehensweise haben den Vorteil, daB in jeder querdynamisch kritischen Situation - 
hierbei handelt es sich insbesondere urn Kurvenfahrten mit boher Gescbwindigkeit - der jeweils maximal zulassige Wert 
fiir die die Querdynamik des Fahrzeuges beschreibende GroBe vorliegt, und somit das Fahrzeug durch Bremseneingriffe 25 
und/oder durch Motoreingriffe und/oder durch Retardereingriffe, der jeweiligen Fahrsituation entsprechend, optimal sta- 
bilise ert werden kann. 

Wie aus den vorstehenden Ausfuhrungen hervorgeht, hat der charakteristische Wert die Funktion eines "Grenzwertes. 

Vorteilhafterweise handelt es sich im Rahmen der vorstehend erwahnten gezielten Reduzierung der Fahrzeugger 
schwindigkeit bei dem vorgebbaren Geschwindigkeitswert entweder um einen fest vorgegebenen Wert, der beispiels- 30 
weise in entsprechender Weise, wie der charakteristische Wert fur die die Querdynamik des Fahrzeuges beschreibende 
GroBe, im Vorfeld durch Fahrversuche und mit Hilfe von Simulationen ermitteit wurde. Oder der vorgebbare Geschwin- 
digkeitswert wird in entsprechender Weise wie der charakteristische Wert mit Hilfe eines Kennfeldes ermitteit. Oder aber 
der vorgebbare Geschwindigkeitswert wird wahrend des Betriebes des Fahrzeuges wenigstens in Abhangigkeit des cha- 
rakteristischen Wertes und/oder einer die Gierrate des Fahrzeuges beschreibenden GroBe ermitteit. Die beiden letztge- 35 
nannten Vorgehensweisen baben den Vorteil, daB in jeder querdynamisch kritischen Situation der jeweils maximal zulas- 
sige Wert fur die Fahrzeuggeschwindigkeit vorliegt, und somit das Fahrzeug durch Bremseneingriffe und/oder durch 
Motoreingriffe und/oder durch Retardereingriffe, der jeweiligen Fahrsituation entsprechend, optimal stabilisiert werden 
kann. AuBerdem wird auf diese Art und Weise ein Geschwindigkeitswert ermitteit, der in der entsprechenden querdyna- 
misch kritischen Fahrsituation die in dieser Fahrsituation maximal zulassige Fahrzeuggeschwindigkeit darstellt. Daraus 40 
ergibt sich der weitere Vorteil, daB das Fahrzeug nicht in unnotigem MaBe abgebremst wird. Das Fahrzeug kann mit der 
maximal mdglichen Gescbwindigkeit fahren, der VerkehrsfluB bleibt weitestgehend ernalten. 

An dieser Stelle sei nochmals zusammengefaBt: Die Reduzierung der Fahrzeuggeschwindigkeit wird durch Beobach- 
tung der Querdynamik des Fahrzeuges eingeleitet. Dabei wird die Gescbwindigkeit des Fahrzeuges auf einen Wert redu- 
ziert, der durch die Querdynamik des Fahrzeuges besummt ist Dieser Wert wird entweder wahrend des Fahrbetriebes 45 
des Fahrzeuges ermitteit oder es handelt sich um einen vorgegebenen Wert. In beiden Fallen konnen im Vorfeld durch- 
gefuhrte Fahrversuche bzw. Simulationen zugrunde liegen. 

Die Bremseneingriffe und/oder Motoreingriffe und/oder Retardereingriffe werden vorzugsweise solange durchge- 
fuhrt, wie der vorgebbare Geschwindigkeitswert kleiner als eine die Fahrzeuggeschwindigkeit beschreibende GroBe ist. 

Als die die Querdynamik des Fahrzeuges beschreibende GroBe wird vorteilhafterweise eine die Querbeschleunigung 50 
des Fahrzeuges beschreibende GroBe verwendet Ailerdings wird im erfindungsgemaBen \ferfahren die die Querdynamik 
des Fahrzeuges beschreibende GroBe nicht direkt mit Hilfe eines entsprechenden Sensormittels gemessen. Sondern sie 
wird wenigstens in Abhangigkeit einer die Fahrzeuggeschwindigkeit beschreibenden GroBe ermitteit. Femer wird die die 
Querdynamik des Fahrzeuges beschreibende Gr6Be in Abhangigkeit einer die Gierrate des Fahrzeuges beschreibenden 
GroBe ermitteit, wobei die die Gierrate des Fahrzeuges beschreibende GroBe wiederum wenigstens in Abhangigkeit der 55 
die Fahrzeuggeschwindigkeit beschreibenden GroBe und einer den Lenkwinkel des Fahrzeuges beschreibenden GroBe 
ermitteit wird D. h. letztenendes wird die die Querbeschleunigung des Fahrzeuges beschreibende GroBe in Abhangig- 
keit der Fahrzeuggeschwindigkeit und des Lenkwinkeis ermitteit 

Diese Vorgehensweise bei der Ermittlung der die Querbeschleunigung beschreibenden GroBe ist mit einem deutlichen 
Zeitvorteil, was die Bereitstellung des Signals dieser GroBe angeht, verbunden. Dies kann wie folgt erklSrt werden: Fur 60 
gewohnlich wird eine Kurvenfahrt durch Einstellen eines Lenkwinkeis eingeleitet Aufgrund dieser Kurvenfahrt ergibt 
sich eine entsprechende Querbeschleunigung. Wird diese sich ergebende Querbeschleunigung mit Hilfe eines Querbe- 
schleunigungssensors erfafit, so vergeht eine geraume Zeit zwischen Einstellen des Lenkwinkeis und Bereitstellen des 
Querbeschleunigungssignals durch den Querbeschleunigungssensor. Dies ist unter anderem durch die zeitliche Abfolge 
zwischen Einstellung des Lenkwinkeis und dem daraus resuirierenden Aufbau der Querbeschleunigung und zum anderen 65 
auch durch die Iragheit des Querbeschleunigungssensors bedingt Aufgrund der vorstehend beschriebenen Vorgehens- 
weise bei der Ermittlung der die Querbeschleunigung beschreibenden GroBe wird dieser Zeitversatz weitestgehend eli- 
miniert d. h. es liegt unmittelbar nach Einstellen des Lenkwinkeis der Wert der Querbeschleunigung vor, der sich auf- 
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schreibende GroBe in Abhangigkeit der die Radlasten beschreibendea GroBen ermittelt. Altemativ zur Hmuttlung der 
Fahrzeugmasse aus den die Radlasten beschreibenden GroBen kann die Fahrzeugmasse auch ausgehend von Motordaien 
ermittelt werden. Oder aber es handelt sich bei dem charakteristischen Wert urn einen fest vorgegebenen Wert, der im 
Block 205 abgelegt ist. 

5 In Abhangigkeit des charakteristischen Wertes aqgrenz und der die Gierrate beschreibenden Gr66e omega wird unter 
Verwendung der Beziebung 

r aqgrenz 

vfgrenz = — (3) 

omega 

10 

der vorgebbare Geschwindigkeitswert vfgrenz ermittelt. Dieser Geschwindigkeitswert vfgrenz steilt die Gescbwindig- 
keit dar, die in der durch den charakteristischen Wert aqgrenz beschriebenen Fahrsituadon gerade noch fahrbar ist, ohne 
daS dabei das Fahrzeug instabil wird. Altemativ kann fur den vorgebbaren Geschwindigkeitswert auch ein fest vorgege- 
15 bener Wert, der im Block 205 abgelegt ist, verwendet werden. Oder der vorgebbare Geschwindigkeitswert wird mit Hilfe 
eines Kennfeldes ermittelt. Der Geschwindigkeitswert vfgrenz wird ausgehend vom Block 205 dem Block 206 zuge- 
fuhrt 

Im Block 206 wird die Fahrzeuggeschwindigkeit vf mit dem vorgebbaren Geschwindigkeitswert vfgrenz verglicben. 
Solange der vorgebbare Geschwindigkeitswert kleiner als die die Fahrzeuggescbwindigkeit beschreibende GroBe vf ist, 

20 werden Bremseneingriffe und/oder Motoreingriffe und/oder Retardereingriffe durchgefiihrt, mit denen die Fahrzeugge- 
schwindigkeit auf den vorgebbaren Geschwindigkeitswert reduziert wird oder mit denen sie auf dem vorgegebenen Ge- 
schwindigkeitswert gehalten wird. In Abhangigkeit dieses Vergleiches werden im Block 206 Gr5Ben Silj bzw. SM zur 
Durchfuhrung der Bremseneingriffe und/oder Motoreingriffe ermittelt. Sofern das Fahrzeug iiber. einen Retarder (Block 
211) verfugt, wird im Block 206 auch eine GroBe SR zur Durchfuhrung der Retardereingriffe ermittelt (die optionale 

25 Ausstattung des Fahrzeuges ist durch die geklammerte Schreibweise der GroBe SR angedeutet). Die GroBen Silj bzw. 
SM bzw. SR (sofern gebildet) werden dem Block 208 zugefiihrt. Mit Hilfe der GroBen Silj wird dem Regler 208 mitge- 
teilt, welche Rader des Fahrzeuges wie zur Stabilisierung des Fahrzeuges zu bremsen sind. Mit Hilfe der GroBe SM wird 
dem Regler 208 mitgeteilt, in welchem MaBe ein Motoreingriff zur Reduzierung des vom Motor abgegebenen Momentes 
durchzufuhren ist. Mit der GroBe SR wird dem Regler 208 mitgeteilt, in welchem MaBe ein Retardereingriff durchzufuh- 

30 ren ist. 

An dieser Stelle sei bemerkt, daB in Fig. 2 die erfindungswesentlichen Blocke zum Block 207 zusammengefaBt sind. 
Mit 208 ist der im Steuergerat 104 implementierte Regler bzw. Fahrzeugregler bezeichnet. Bei dem Regler 208 handelt 
es sich in allgemeiner Weise um einen Schlupfregler. Dabei kann dieser Schlupfregler beispielsweise als Bremsschlup- 
fregler und/oder als Antriebsschlupfregler ausgelegt sein. Altemativ kann es sich bei dem Schlupfregler auch um einen 

35 Regler handeln, der in seiner Grundfunktion eine die Fahrdynamik des Fahrzeuges beschreibende GroBe, beispielsweise 
eine von der Querbeschleunigung und/oder der Gierrate des Fahrzeuges abhangige GroBe, durch Eingriffe in die Rad- 
bremsen und/oder in den Motor regelt An dieser Stelle sei auf die in der Automobiltechnischen Zeitschrift (ATZ) 96, 
1994, Heft 11, auf den Seiten 674 bis 689 erschienene Veroffentlichung "FDR - Die Fahrdynamikregelung von Bosch" 
verwiesen, in der ein System zur Regelung einer die Fahrdynamik des Fahrzeuges beschreibenden GroBe beschrieben ist. 

40 An dieser Stelle sei bemerkt, daB in Fig. 2 lediglich die Sensorik dargestellt ist, die zur Durchfuhrung des erfindungs- 
gemaBen Verfahrens unbedingt erforderlich ist. Ein Teil dieser Sensorik, namlich die Raddrehzahlsensoren 201ilj, ist auf 
jeden Fall auch fur die Realisierung eines Schlupfreglers erforderlich. Je nachdem, welche Art von Schlupfregler mit 
dem Block 208 realisiert werden soli, sind gegebenenfalls weitere Sensoren erforderlich. Soil es sich beispielsweise um 
einen Schlupfregler zur Regelung einer die Fahrdynamik des Fahrzeuges beschreibenden GroBe handeln, so sind fur ge- 

45 wohnlich ein Lenkwinkelsensor, ein Querbeschleunigungssensor sowie ein Gierratensensor erforderlich. An dieser 
Stelle sei auf die vorstehend erwahnte Veroffentlichung "FDR - Die Fahrdynamikregelung von Bosch" verwiesen, in der 
besagte Systeme ausfuhriich beschrieben sind. Fur den Fall, daB ein Querbeschleunigungssensor und/oder ein Gierraten- 
sensor vorhanden ist, konnen die Querbeschleunigung und/oder die Gierrate auch gemessen werden. Die gemessenen 
GroBen werden dann anstelle der berechneten GrdBen verwendet AHerdings ist dann die oben beschriebene, vom Lenk- 

50 winkelsensor ausgehende Preview-Funktion nicht mehr gewahrleisteL 

Da es sich bei dem Block 208 um einen Schlupfregler handeln soli, basiert die in ihm in ihrer Grundfunktion stattfin- 
dende Regelung in bekannter Weise auf den dem Block 208 zugefuhrten GroBen nilj und vf, die zur Ermittlung der je- 
weils an den Radem vorliegenden Schlupfwerte verwendet werden. Femer wird dem Block 208, ausgehend vom Motor 
210, eine GroBe mot2 zugefiihrt, die beispielsweise die Motordrehzahl des Motors 210 beschreibt, und die im Block 208 

55 fur die Durchfuhrung der Motoreingriffe erforderlich ist, AuBerdem werden dem Block 208 GroBen ST2 zugefiihrt, die 
in einem Block 209 erzeugt werden, der die Ansteuerlogik fur die im Fahrzeug enthaltenen Aktuatoren und den Motor 
und sofern vorhanden aucb fur den Retarder darstellt. Durch die GroBen ST2 wird dem Regler mitgeteilt, welche Aktua- 
toren momentan wie angesteuert sind bzw. wie der Retarder angesteuert ist. Ausgehend von diesen Vorstehend aufge- 
fuhrten GroBen ermittelt der Regler 208 GroBen ST1 g, die der Ansteuerlogik 209 als GroBen ST1 zugefiihrt werden, und 

60 in deren Abhangigkeit der Motor 210 bzw. die Aktuatoren 212ilj zur Realisierung der im Regler 208 als Grundfunktion 
implementierten Schlupfregelung angesteuert werden. D. h. mit den GroBen ST1 wird der Ansteuerlogik 209 mitgeteilt, 
welche Aktuatoren wie bzw. wie der Motor angesteuert werden sollen. Bzgl. der Erzeugung der GroBen STlg gemaB der 
fur die Grundfunktion implementierten Regelung wird u. a. auf die vorstehend aufgefuhrte Veroffentlichung "FDR - die 
Fahrdynamikregelung von Bosch" verwiesen. Unabhangig von der Art des Schlupfreglers liegt der Regelung wie allge- 

65 mein bekannt ein Vergleich von Istschlupfwerten mit vorgebbaren Sollschlupfwerten zugrunde. 

Zusatzlich zu der im Block 208 in der Grundfunktion implementierten Regelung hat er die Aufgabe, das Fahrzeug zu 
stabilisieren bzw. ein Umkippen des Fahrzeuges zu vermeiden. Im Rahmen der Umkippvermeidung erfullt der Regler im 
wesentlichen zwei Aufgaben. Zum einen setzt er die im Block 206 ermittelten GroBen Silj bzw. SM bzw. SR in entspre- 
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chende Signale STlu um, die der Ansteuerlogik 209 als GroBen STl zugefuhrt werden, und ausgehend von dcnen an den 
Radem Bremsmomente und/oder Antriebsmomente. erzeugt und/oder verandert werden und/oder RetardereingrirTe 
durchgefuhrt werden, um die Fahrzeuggeschwindigkeit auf einen vorgegebenen Geschwindigkeitswert zu reduzieren 
oder auf einem vorgegebenen Geschwindigkeitswert zu halten. Zum anderen stellt der Block 208 in vorstehend beschrie- 
bener Wetse die GrSBen Rilj bereit. 5 

Fur die Ausgabe der GroBen STlg bzw. STlu als GroBen STl sind verschiedene Vorgebensweisen denkbar. Erzeugt 
der Regler 208 nur die GroBen STlg, so sind die ausgegebenen GroBen ST1 mit diesen GroBen STlg identiscb. Erzeugt 
der Regler sowohl die GroBen STlg als auch die GroBen STlu, so konnen entweder die GroBen STlu anstelle der Gro- 
Ben STlg ausgegeben werden oder die GroBen STlu werden den GroBen STlg uberlagert. 

Um gem^B dem erfindungsgeraSBen Verfahren ein Fahrzeug bei einer vorliegenden Kipptendenz um eine in Langs- to 
richtung des Fahrzeuges orientierte Fahrzeugachse zu stabilisieren bzw. um ein drobendes Umkippen des Fahrzeuges zu 
vermeiden, werden durch entsprechende Bremseneingriffe alle Rader des Fahrzeuges gleichmaBig gebremst und/oder 
durcb entsprechende MotoreingrirTe das vom Motor abgegebene Moment reduziert und/oder ein Retardereingriff durch- 
gefuhrt AHernativ zur gleichmaBigen Bremsung alter Rader bietet sich an, durch entsprechende Bremseneingriffe die 
Rader des Fahrzeuges so zu bremsen, daB wenigstens das kurveninnere Hinterrad weniger stark als die ubrigen Rader des 15 
Fahrzeuges und/oder tiberhaupt nicht gebremst wird. Dies hat die im Kapitel \forteile der Erfindung beschriebenen Vor- 
teile. 

An ctieser Stelle soil der im Zusammenhang mit dem Bremseneingriff verwendeteBegriff gleichmaBig erlautert wer- 
den. Unter gleichmaBiger Bremsung soil verstanden werden, daB fiir alle Rader der selbe Bremsdruck eingespeist wird 
Dabei kann der Bremsdruck an den Radern solange gesteigert werden, bis ein Rad an die Blockiergrenze kommt Fur die- 20 
ses Rad wird der Bremsdruck nicht mehr weiter gesteigert Der Bremsdruck der anderen Rader kann weiter erhoht wer- 
den. Bei der altemativen Bremsung wird von vornherein zumindest fur das kurveninnere Hinterrad schon ein anderer, 
namlich ein geringerer Bremsdruck vorgesehen. 

Im Block 209, der Ansteuerlogik, werden die vom Regler 208 erzeugten GroBen ST1 in Ansteuersignalefur den Motor 
210 sowie in Ansteuersignale fiir die Aktuatoren des Fahrzeuges umgesetzt Mit den Aktuatoren 212ilj ist an den ent- 25 
sprechenden Radern eine Bremskraft erzeugbar. Zur Ansieuerung des Motors 210 erzeugt die Ansteuerlogik ein Signal 
motl, mit dem beispielsweise die Drosselklappenstellung des Motors beeinfluBbar ist. Alternativ ist auch eine Beeinfius- 
sung der dem Motor zugefiihrten Einspritzmenge denkbar. Zur Ansteuerung der Aktuatoren 212ilj, die insbesondere als 
Bremsen ausgebildet sind, erzeugt die Ansteuerlogik 209 Signale Ai lj, mit denen die von den Aktuatoren 212ilj an den 
entsprechenden Radem erzeugten Bremskrafte beeinfluBbar sind. Ferner erzeugt die Ansteuerlogik 209 die bereits oben 30 
erwahnten GroBen ST2. 

Sofern das Fahrzeug uber einen Retarder 211 verfugt, kann die Ansteuerlogik zusatzlich ein Signal FR erzeugen, mit 
dem der Retarder angesteuert wird. Ferner ist auch denkbar, daB das Fahrzeug mit Fahrwerksaktuatoren zur Beeinflus- 
sung des Fahrwerks des Fahrzeuges ausgestattet isL 

Bei der in Fig. 2 zum Knsatz kommenden Bremsanlage kann es sich um eine hydraulische oder pneumatische oder 35 
eiektrohydraulische oder elektropneumatische oder eine elekiromotorische Bremsanlage handeln. 

In Fig. 3 wird mit Hilfe eines FluBdiagrammes das in der erfindungsgemaBen Vbrrichtung ablaufende erfindungsge- 
maBe Verfahren dargestellt. 

Das erfindungsgemaBe Verfahren beginnt mit einem Schritt 301. In diesem Schritt werden die GroBe aq bzw aqgrenz 
ermittelt An dieser Stelle sei auf die Beschreibung des in Fig. 2 enthaltenen Blockes 205 verwiesen, in dem diese GroBe 40 
ermittelt werden. AnschlieBend an den Schritt 301 wird ein Schritt 302 ausgefuhrt. Im Schritt 302 wird die GroBe aq mit 
dem charakteristischen Wert aqgrenz verglichen. Wird im Schritt 302 festgesteilt, daB die GroBe aq kleiner als der cha- 
rakteristische Wert aqgrenz ist, was gleichbedeutend damit ist, daB sich das Fahrzeug nicht in einem querdynarnisch kri- 
tischen Fahrzustand befindet, so wird anschlieBend an den Schritt 302 emeut der Schritt 301 ausgefiihrt Wird dagegen 
im SchriU 302 festgesteilt daB die GroBe aq groBer als oder gleich der GroBe aqgrenz ist was gleichbedeutend damit ist 45 
daB sich das Fahrzeug in einem querdynarnisch kritischen Zustand befindet, so wird anschlieBend an den Schritt 302 ein 
Schritt 303 ausgefuhrt. 

Im Schritt 303 wird die GroBe vfgrenz bereitgestellt. An dieser Stelle sei ebenfalls auf die Beschreibung des Blockes 
205 verwiesen. Im AnschluB an den Schritt 303 wird ein Schritt 304 ausgefuhrt. 

Im Schritt 304 wird die die Geschwindigkeit des Fahrzeuges beschreibende GroBe vf mit dem vorgebbaren Geschwin- 50 
digkeitswert vfgrenz verglichen. Wird im Schritt 304 festgesteilt, daB die GroBe vf kleiner als oder gleich der GroBe 
vfgrenz ist was gleichbedeutend damit ist daB das Fahrzeug eine Geschwindigkeit aufweist, bei der keine Umkippge- 
fahr droht so wird anschlieBend an der Schritt 304 emeut der Schritt 301 ausgefuhrt. Wird dagegen im Schritt 304 fest- 
gesteilt daB die GroBe vf groBer als die GroBe vfgrenz ist, was gleichbedeutend damit ist, daB das Fahrzeug eine Ge- 
schwindigkeit aufweist, bei der eine Umkippgefahr droht so wird anschlieBend an den Schritt 304 ein Schritt 305 aus- 55 
gefuhrt. 

Im Schritt 305 werden die vorstehend beschriebenen Bremseneingriffe und/oder MotoreingrirTe und/oder Retarderein- 
grirTe zur Reduzierung der Fahrzeuggeschwindigkeit durchgefuhrt. Die in diesem Zusammenhang im Block 206 erzeug- 
ten Signale und/oder GroBen Silj bzw. SM bzw. SR sind in Fig. 3 nicht dargestellt. AnschlieBend an den Schritt 305 wird 
erneut der Schritt 301 ausgefuhrt. Da mit jedem Bremseneingriff und/oder Motoreingriff und/oder Retardereingriff das 60 
Fahrzeug verzogert wird und somit die Querbeschleunigung aq des Fahrzeuges reduziert wird, wird die Querbeschleuni- 
gung im Schritt 301 erneut ermittelt und in dem sich anschlieBenden Schritt 302 iiberpruft ob die querdynarnisch kriti- 
sche Situadon des Fahrzeuges noch vorliegt. Durch wiederhoites Durchlaufen der 301 bis 305 ergibt sich eine Reduzie- 
rung der Fahrzeuggeschwindigkeit. 

Eine alternative Ausgestaltung konnte darin bestehen, daB anschlieBend an den Schritt 305 nicht auf den Schritt 301 65 
sondem auf den Schritt 304 zurUckgesprungen wird. Dadurch wird erreicht daB die Fahrzeuggeschwindigkeit solange 
reduziert wird, bis die im Schritt 304 stattfindende Abfrage erfullt ist und somit fur das Fahrzeug keine Kippgefahr mehr 
besteht. 
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um eine in Umgsrichtung des Fahrzeuges °™^^"^^2 Fahrzeuges beLhreibende GroBe mil 
beschreibende GroBe (aq) ermittelt wird, be. dem die d ^^^ SchweUemwit. fur die die Queidynamik 
w-gstenseinemch^^^^^ 

des Fahrzeuges besctoibende GroBe vergbcheo tma g charakteristischen V-fert ist, we- 

Querdyn^k desFah^^^ durch Motordngriffe (SM ) und/oder 

SR^ngX^SrdSK F^uges auf ei^envo^n Geschwir^gkeitswert 

2. Verfahren nach Anspruch 1^ total ^^™Z n g ^ Fahrzeuges beschreibende GroBe verwendet, 
GroBe, insbesondere vnrd hierfttr eine ^f^StoFahrz^ges besctoeibenden GroBe (vf) ermittelt wild, 
wenigstens in Abhangigkeit einer die ^ wn *F^ e " d ^f* "P2 o ue rdvnamik des Fahrzeuges beschreibende 

Z5 dt. Rhraugs, btsduelbrafci. OtOBe (*1») ™»«» 
nem Kennfeld ausgelesen wird. 

8. Verfahren nach Anspruch 1, dadurch gekennzeichnet, VO rgegebenen Wert handelt, oder 

n« die S des Fahrzeuges beschreibenden GroBe (omega) ermittelt wird, oder 

Fahrzeuggeschwindigkeit beschreibende GroBe (vf) ist. 



.Ldthe.tsprechendeMo.oreingnffedasvom 

11. Verfahren nach Anspruch 1 dadurch 8*e™»^*Bte*^^ vemundei ten chaiak- 
venrundert wird, wobei die dre^erdyna^k d^ 

teristischer i Wert verghchen M ^^^j^^S^ durc h Bremseneingriffe an wenigstens * 

einen vorgebbaren Geschwindigkeitswert reduziert *W_ Vermeidung des Umkippens eines Fahrzeu- 

12. VorrichtungzmSubiUsienang ernesFahrzeuge ^ 

ges um eine in LSngsrichtung des Fahrzeuges ™f^^™^^ t ^ nen f cm i r die die Querdynamik des 
Querdynamik des Fahrzeuges beschreibende ^ ro0ee ™^^"" d c ™ n ^ n^esondere einem Schwellen- 
Shrzeuges beschreibende GtfBe mi. wemg* vS^cheKdadurch gekennzeichnet, daB 
wer«,furdiemeQuerdynam^ 

fur den Fall, bei dem festgeslelll wild, daB die die IMV«W" "* inem Rad und/oder 
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METHOD OF AND DEVICE FOR THE 
STABILIZATION OF A VEHICLE 

The method according to the invention concerns a way to stabilize a vehicle, 

preferably to prevent the rollover of the vehicle around a longitudinal vehicle axis. The 

value describing the vehicle's transversal dynamics is determined for that. This value is 

compared with at least one of its characteristic parameters, in particular a threshold 

value. In cases when the value describing the vehicle's transversal dynamics is greater 

than or equal to the characteristic value, the vehicle speed is reduced or maintained at a 

pre-established speed value at least by means of brake actions on at least one wheel 

and/or actions on the engine and/or through retarder actions. 



DESCRIPTION 

Technological State of the Art 

The invention concerns a method and a device for the stabilization of a vehicle. 
Many modifications of such methods and devices are known from the technological 
state of the art. 

A device that prevents vehicles from skidding is known from the DE-OS 19 02 
944. The device includes measurement instruments that record the momentary vehicle 
status, which are connected to a control unit responding to specific limit values of the 
vehicle. The device also includes means that can be triggered for the independent 
control of at least one device used to keep the vehicle in its track, which are released 
through the control unit upon reaching a predetermined limit value for the transversal 

l 



acceleration. If a maximum possible transversal acceleration is determined in a vehicle 
configuration, the program for the control unit is set to a lower value. This means that 
already below the critical threshold value, i.e., before the driving condition turns 
dangerous, independently of the driver's reaction, the brakes are activated and the 
engine output controller is set back to a lower driving output. 

A device for a propulsion control of motor vehicles in order to maintain stable 
driving conditions is known from the DE 35 45 715 A1 . The device includes a 
computing unit to determine a target value or a tolerance range for the RPM difference 
of the front wheels or the transversal acceleration or the yaw velocity, and a 
comparative unit in which this target value or tolerance range is compared with the 
measured actual value. The difference between the actual value and the target value or 
tolerance range serves as the control signal for the wheel brakes and/or for an output 
actuator of the vehicle engine. 

In the above-described devices according to the current state of the art, as a 
function of comparison between an actual value of a parameter, describing the vehicle's 
cross dynamics, and a corresponding limit value, the brakes of the wheels and/or an 
output actuator of the engine is triggered in such a way that the vehicle is stabilized 
thanks to the reduction of the vehicle speed. The vehicle speed resulting from the 
brake or on engine interventions is not predetermined. 

The task of the present invention consists of improving the existing devices or 
methods of stabilizing motor vehicles so that in cases when a value describing the 
transversal dynamics is greater than or equal to a characteristic value for the variable 
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describing the vehicle's cross dynamics, a specific status for the vehicle is set based on 
the vehicle speed. 

This task is accomplished by the characteristics of claims 1 through 12. 
Advantages of the Invention 

The method according to the invention of stabilizing a vehicle is used especially 
to prevent the vehicle from overturning around a longitudinal vehicle axis. To that end, 
a value describing the vehicle's cross dynamics is determined and compared with at 
least one characteristic value, in particular a threshold value for the value describing the 
vehicle's cross dynamics. In case the value describing the vehicle's cross dynamics is 
greater than or equal to the characteristic value, at least brake actions on at least one 
wheel, and/or engine actions and/or retarder actions are carried out. Advantageously, 
these brake actions and/or engine actions and/or retarder actions are performed in such 
a way that the vehicle speed is reduced to a pre-determinable speed value or 
maintained at a pre-determinable speed value. 

Because the vehicle speed can be reduced to a pre-determinable speed limit or 
maintained at a pre-determinable speed value through the brakes and/or engine and/or 
retarder actions, a specified status is set for the vehicle in cross-dynamically critical 
situations. This specified status can, for example, correspond to driving curves at the 
maximum cornering speed. In this case, the pre-set speed value corresponds to the 
maximum cornering speed. 

In the following, the speed of the vehicle will be called "vehicle speed". 
Mentioned here is how the statement "a longitudinal vehicle axis" is to be understood: 
on the one hand, the vehicle axis around which the tipping of the vehicle occurs may be 
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the actual longitudinal axle of the vehicle. On the other hand, it can be a vehicle axis, 
which is rotated at a certain angle compared to the actual vehicle axle. It does not 
matter whether the twisted vehicle axis passes through the vehicle's center of gravity or 
not. The case of the twisted vehicle axis should also allow an orientation of the vehicle 
axis in which the vehicle axle corresponds to either a diagonal axis of the vehicle or an 
axis parallel to it. 

Advantageously, as characteristic value one uses the value describing the 
vehicle's permissible cross dynamics in whose range the vehicle will not become 
unstable. By unstable is understood the start of skidding or tipping over. 

As characteristic value one advantageously uses either the specified value 
describing the vehicle's cross dynamics, or a value established for the respective driving 
status of the vehicle. The firmly established value is determined, for example, by 
preliminary tests and the resulting vehicle behavior and is supported by simulations. 
For this characteristic value it is assumed that under the operating conditions at which 
this value is reached, the vehicle behaves in a stable manner. Or the characteristic 
value is determined for the current driving status of the vehicle. This means that the 
characteristic value is determined during the vehicle's driving operation based on a 
value determined for this driving operation. 

Advantageously, the characteristic value is determined at least as a function of 
the value describing the wheel load of at least one wheel. A value describing the 
contact force of this wheel is advantageously used as the variable describing the wheel 
load of at least this one wheel. 
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Two alternatives are available to determine the characteristic values. On the one 
hand, the characteristic value is determined as a function of the wheel load on at least 
one wheel on the inside of the curve and the value describing the vehicle's cross 
dynamics. If, as already mentioned, the contact force of the wheel is used as the value 
describing the wheel load, a linear correlation between the value describing the 
vehicle's cross dynamics and the contact force is approximated for the determination of 
the characteristic value. The characteristic value is then obtained by interpolation, i.e., 
the characteristic value corresponds to the value of the variable describing the cross 
dynamics at which the contact force is zero. 

This process is also useful in that the instability of a vehicle in cross-dynamically 
critical situations first becomes noticeable in the behavior of the wheels. That is, 
through this type of determination, an accurate and timely measure for the vehicle's 
maximum permissible transversal dynamics in the respective situation is obtained. 
Since in cross-dynamically critical situations, an impending (dangerous) instability first 
becomes noticeable on the wheels on the inside of the curve, advantageously, the 
characteristic value is determined as a function of a variable describing the wheel load 
on a wheel on the inside of the curve. 

In the second alternative, a variable describing the vehicle mass is determined as 
a function of the values describing the wheel loads. The characteristic value is then 
derived from a characteristic map describing the vehicle mass. The individual 
characteristic-map values can likewise be determined in advance by means of 
simulation-supported driving tests. The vehicle mass is used as a parameter because 
the vehicle mass affects the height of the vehicle's center of gravity, which in turn 
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affects the tipping behavior of the vehicle, and therefore, the maximum permissible 
cross acceleration during cornering. 

The two last mentioned procedures have the advantage that in every cross- 
dynamically critical situation - especially with regard to cornering at high speeds - the 
variable describing the max. permissible value for the vehicle's cross dynamics is 
present and thus the vehicle can be optimally stabilized by actions on the brakes and/or 
actions on the engine, and/or retarder actions, depending on the driving situation. 

As has been revealed by previous explanations, the characteristic value 
functions as a limit value. 

Advantageously, within the scope of the previously mentioned targeted reduction 
of the vehicle speed, with regard to the pre-determinable speed value, we are dealing 
with either a firmly specified value, which, for example, like the characteristic value of 
the variable describing the vehicle's cross dynamics, had previously been determined 
by driving tests and through simulations. Or the pre-determinable speed value is 
determined during the operation of the vehicle at least in correlation to the characteristic 
value and/or a value describing the vehicle's yaw rate. The two last mentioned 
procedures have the advantage that the maximum permissible value for the vehicle 
speed is' available in every cross-dynamically critical situation and thus the vehicle can 
be stabilized by means of brake actions and/or engine actions and/or retarder actions 
depending on a given situation. Moreover, in this manner, a speed variable is 
determined which in the corresponding cross-dynamically critical driving situation, 
represents the maximum permissible vehicle speed in this driving situation. An 
additional advantage is derived in that the vehicle is not braked to an unnecessary 



degree. The vehicle can be driven at the maximum possible speed; the traffic flow is, 
for most part, maintained. 

In summary: the reduction of the vehicle speed is introduced by observing the 
vehicle's transversal dynamics. Thereby, the vehicle speed is reduced to a value 
determined by the vehicle's cross dynamics. This value is determined either during the 
vehicle's driving operation or it is a predetermined value. In both cases, it can be based 
on previously conducted driving tests or simulations. 

The brake actions and/or engine actions and/or retarder actions are preferably 
conducted as iong as the pre-determinable speed variable is smaller than a variable 
describing the vehicle speed. 

The value describing the vehicle's cross dynamics is ideally a value describing 
the vehicle's cross acceleration. However, according to the method of the invention, the 
value describing the vehicle's cross dynamics is not measured directly by means of an 
appropriate sensor. Rather, it is determined as a function of a variable describing the 
vehicle speed. Furthermore, the variable describing the vehicle's cross dynamics is 
determined as a function of a value describing the vehicle's yaw rate, whereby the value 
describing the vehicle's yaw rate is determined at least as a function of the value 
describing the vehicle speed and a value describing the vehicle's steering angle. This 
means, in the end, the value describing the vehicle's cross acceleration is determined 
as a function of the vehicle speed and the steering angle. 

This procedure for the determination of the value describing the cross 
acceleration is characterized by a clear time advantage involving the readiness of the 
signal of this variable. This can be explained as follows: cornering is generally initiated 



by setting a steering angle. A corresponding transversa! acceleration develops as a 
result this cornering. If the developing cross acceleration is recorded by a cross- 
acceleration sensor, quite an interval elapses between the setting of the steering angle 
and making the cross-acceleration signal available through the cross-acceleration 
sensor. This is due, among other things, to the time sequence between the setting of 
the steering angle and the resulting cross-acceleration buildup and, on the other hand, 
also due to the inertia of the cross-acceleration sensor. Because of the previously 
described procedure for the determination of the value describing the cross 
acceleration, this time offset is for the most part eliminated, i.e., immediately after 
setting the steering angle is available the cross-acceleration value which appears as a 
result of the setting of the steering angle in the resulting stationary condition or 
stabilized condition of the vehicle. Since the method and device according to the 
invention are aimed at preventing the rollover of the vehicle around the longitudinal 
vehicle axis, the previously described procedure for the determination of the value 
describing the vehicle's cross dynamics, i.e., the value describing the cross 
acceleration, is feasible since a vehicle usually tips over during cornering and the curve 
can be driven based on the steering angle prescribed by the driver of the vehicle. 

In summary it can be said: the value describing the vehicle's cross dynamics, 
and/or the value describing the vehicle's yaw rate is advantageously determined by 
means of a simple mathematical model describing a stationary condition of the vehicle. 
The time curve already described is obtained from that. 

Advantageously, all the wheels of the vehicle are uniformly braked through the 
above-mentioned brake actions. By uniform braking is understood that from the start 
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not consciously different braking forces are set. As an alternative or to support these 
braking actions, the torque released by the engine is reduced by the corresponding 
actions on the engine. By these two actions, the vehicle speed is reduced or 
maintained at a predetermined speed. Braking actions can also be executed in which 
at least the rear wheel on the inside of the curve is braked less than the other wheels of 
the vehicle, and/or not braked at all. By this type of braking actions, a temporary 
increase of the yaw speed during the braking action, and thus a resulting unstable 
condition, is prevented. 

If the last of these types of brake actions is chosen, all the steps between a 
normal brake action and no brake action on the inside-curve wheel nlay advantageously 
be possible. For example, the degree of the braking to be applied to the rear wheel on 
the inside of the curve can be determined in correlation to a value describing the 
vehicle's cross dynamics. 

As an alternative to the procedure described so far, the characteristic value is 
slightly reduced. The value describing the vehicle's cross dynamics is compared with 
the reduced characteristic value. In cases when the vehicle's cross dynamics is greater 
than the reduced characteristic value, the speed of the vehicle is reduced to a 
predetermined value at least through brake actions on at least one wheel and/or 
through the engine actions and/or retarder actions. By this procedure it is achieved that 
the vehicle speed is not only reduced when the characteristic value is reached, but 
already somewhat earlier, namely when the vehicle approaches the cross-dynamically 
critical driving condition described by the characteristic value. 
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Other advantages and preferred configurations can be derived from the 
subclaims, the drawing, and the description of the implementation examples. 
Drawing 

The drawing consists of figures 1 to 3. Figures 1a and 1b show various motor 
vehicles in which the process according to the invention was implemented. Figure 2 
shows an overview of the device according to the invention for the implementation of 
the method according to the invention. Figure 3 shows, by means of a flow diagram an 
implementation mode of the method according to the invention. 

It must be noted that blocks with the same designation in different figures have 
the same function. 
Implementation Example 

First we shall discuss the figures 1a and 1b, depicting various motor vehicles in 
which the method according to the invention was implemented. 

Figure 1a shows a unibody vehicle 101 . This vehicle can be a passenger car or 
a commercial vehicle. It must have a least two wheel axles indicated by the in part 
dashed illustration. The wheel axles of vehicle 101 are marked as 103ix. Thereby the 
index i indicates whether it is a front axle (v) or a rear axle (h). In the case of vehicles 
with more than two axles, the index x indicates which of the front or rear axles we are 
dealing with. The following arrangement applies: the front axle or the rear axle closest 
to the vehicle's outer edges is the index x with the lowest value. The farther each wheel 
axle is away from the vehicle's margins, the greater the value of the corresponding 
index x. The wheel axles 103ix are mounted with wheels 102ixj. The significance of the 
indexes i or x is identical to that described above. The index j indicates whether the 
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wheel is located on the right (r) or left (I) side of the vehicle. The difference between 
individual wheels or twin wheels is disregarded in the depiction of the wheels 102ixj. 
Furthermore, the vehicle 101 includes a control unit 104, in which the device according 
to the invention is implemented using the method according to the invention. 

Figure 1b shows a vehicle combination consisting of a tractor unit 105 and a 
semi-trailer 106. The chosen illustration should not constitute any limitation; a vehicle 
combination consisting of a tractor and a drawbar trailer, is also possible. The tractor 
unit 105 has the wheel axles 108iz. The wheels 107ijz are mounted to the wheel axles 
108iz. The meaning of the indexes i or j corresponds to the one described above. The 
index z indicates that we are dealing with the wheel axles or wheels of the tractor unit. 
Furthermore, the tractor 105 has a control unit 109, in which the process according to 
the invention takes place and is stabilized by means of the tractor 1 05 as well as by the 
semi-trailer 106. The trailer 106 has two wheel axles 108ixa. The two wheel axles 
108ixa are correspondingly mounted with the wheels 107ixja. The index a indicates that 
these are components of the semi-trailer 106. The number of wheel axles for the tractor 
105 or the semi-trailer 106, shown in figure 1b, should not represent any limitation 
whatsoever. The control unit 109 can be mounted in the tractor 105 as well as in the 
semi-trailer 106. Furthermore, it is possible to equip the tractor 105 as well as the semi- 
trailer 106 with a control unit. 

The references chosen in figures 1a and 1b through the indexes a, i, j, x and z 
correspond to all the values or components for which they are used. 

Figure 2 will be discussed below. 



The figure 2 is based on a unibody vehicle, as shown in figure 1 a for example. 
Because of that, figure 2 contains the control unit 104. However, the illustration should 
not be considered exclusive since the object of the invention can also be used for a 
vehicle as shown in figure 1b. Therefore, based on figure 2, some modifications may be 
required. 

It is assumed that the unibody vehicle has at least two wheel axles 103ix, a front 
axle 103 v1, with the wheels 102v1r or 102v1l as well as a rear axle 103h1 with the 
wheels 102h1r or 102h1L The wheel RPM sensors 201i1j belonging to these wheels, 
are shown in figure 2. Depending on the number of wheel axles of the unibody vehicle, 
additional wheel RPM sensors 201 ixj are used, as indicated in figure 2. By means of 
the wheel RPM sensors 201 i1j, the values nil j are determined describing the RPM of 
the corresponding wheel 102i1j. The values nilj are supplied to blocks 203 and 208. 
Independently of the type of controller 209, the wheel RPM sensors 201 i1 j are always 
available. 

In the implementation example, the main idea of the invention should not be 
limited by the selection of a unibody vehicle; it can also be applied to multi-axle vehicles 
{then the index x has a value other than 1 ) or in a vehicle combination. 

Furthermore, the vehicle has a sensor 202 by means of which a value delta 
describing the steering angle, is determined. This value delta is supplied to blocks 204, 
205, and 208. 

The value vf describing the vehicle is speed determined in the known manner in 
block 203 from the wheel RPM nilj, and supplied to the blocks 204, 205, 206 and 208. 
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Based on the values vf and delta supplied to it, a value omega describing the 
vehicle's yaw rate is determined in block 204. Size omega is established by means of a 
simple mathematical model in which the values vf and delta are entered. This 
mathematical model is, for example, described by the formula: 

The value of the vehicle's yaw rate for a stationary condition of the vehicle, as it occurs 
by pre-setting the steering angle, can be determined by this mathematical model. In the 
above equation, the variable 1 describes the vehicle's wheel clearance, the value EG 
describes the vehicle's self-steering gradient, a characteristic parameter for the vehicle. . 
The value omega is supplied from block 204 to block 205. 

The values processed inside block 205 and the values which were processed 
externally in other blocks, are determined in block 205. A value aq describing the 
vehicle's cross dynamics and a characteristic value aqgrenz (aq-limit) for this value 
describing the vehicle's cross dynamics are determined in block 205 as internal values. 
If need be, a value describing the vehicle mass is also determined in block 205. A pre- 
determinable speed value vfgrenz (vf-limit), which is supplied to block 206 is determined 
there as external value. 

The value aq describing the vehicle's cross acceleration is used as the value 
describing the vehicle's cross dynamics. The value ag is determined as a function of 
the values vf and omega supplied to block 205, for example by means of the equation: 
(2) 
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This equation likewise describes a stationary state of the vehicle. 

If equation (1) is inserted in equation (2), it can be seen that the value describing 
the vehicle's cross dynamics is derived at least as a function of the vehicle speed vf and 
the steering-angle value delta. 

The characteristic value aqgrenz is determined at least as a function of a value 
describing the wheel load of at least one wheel. The values Ri1 j describing the wheel 
load of the individual wheels are delivered to block 205 from block 208. For example, 
the contact and or normal forces present at the wheels are used as the values Ri1j. 
These values are determined in block 208 in the known manner, at least as a function of 
the wheel RPM nil j. 

It is appropriate to determine the characteristic value as a function of the wheel 
load of at least one wheel on the inside of the curve and the value describing the 
vehicle's cross dynamics. To this end, for example as a function of the value delta 
supplied to block 205, the wheels on the inside of the curve are determined in block 
205. A linear correlation for the value Ri1 j as a function of the value describing the 
cross acceleration is approximated as a function of the value describing the vehicle's 
cross dynamics, i.e., the value describing the vehicle's cross acceleration, and one of 
the values Ri1 j of a wheel on the inside of the curve. The characteristic value is 
determined by interpolation using this linear correlation. The interpolation is based on 
the fact that the characteristic value is available when the value Ri1 j approaches zero 
or, as an alternative, assumes this value. 

As an alternative, the characteristic value aqgrenz can be read out from a 
characteristic map as a function of a value describing the vehicle mass (weight). To this 
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end, in block 205 a value describing the vehicle mass is determined as a function of the 
values describing the wheel loads. As an alternative to the determination of the vehicle 
mass from the values describing the wheel loads, the vehicle mass can also be derived 
from the engine data. Or the characteristic value can also be a firmly established value, 
which is stored in block 205. 

The pre-determinable speed variable vfgrenz is determined as a function of the 
characteristic value aqgrenz and the value describing the yaw rate omega, using the 
following equation: 
(3) 

This speed value vfgrenz represents the speed at which one can still drive under 
the driving condition described by the characteristic value aqgrenz without the vehicle 
becoming unstable. As an alternative, a firmly preset value, stored in block 205, can 
also be used for the pre-determinable speed value. Or the pre-determinable speed 
value can be set by means of a characteristic map. The speed value vfgrenz is 
supplied to block 206 from block 205. 

The vehicle speed vf is compared with a pre-determinable speed value vfgrenz in 
block 206. As long as the pre-determinable speed value is lower than the value vf 
describing the vehicle speed, brake actions and/or engine actions and/or retarder 
actions are carried out, by means of which the vehicle speed can be reduced to the pre- 
determinable speed, or by means of which the speed is maintained at the preset speed. 
The values Si1j or SM for the execution of the brake actions and/or engine actions are 
determined in block 206 as a function of this comparison. If the vehicle has a retarder 
(block 21 1 ), a value SR for the implementation of the retarder actions (the vehicle's 
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optional equipment is indicated by the parentheses around the value SR), is also 
determined in block 206. The values Si1j or SM or SR (if available) are supplied to 
block 208. By means of the values Sitj, the controller 208 is informed which wheels of 
the vehicle must be braked and how in order to stabilize the vehicle. By means of the 
value SM, the controller 208 is informed about the degree of engine intervention in order 
to reduce the torque released by the engine. The value SR informs the controller 208 
about the extent of the retarder action. 

Here it may be pointed out that in figure 2 the invention-relevant blocks are 
combined into block 207. The controller or vehicle controller implemented in block 104 
is marked by 208. The controller 208 generally is a slip (creep) regulator. This slip 
regulator can, for example, be designed as a brake-slip regulator and/or as a traction- 
slip regulator. As an alternative, the slip regulator can also be a control unit, which in its 
basic function, through interventions on the brake and/or the engine, controls a variable 
describing the vehicle's driving dynamics, for example a value dependent on the 
vehicle's cross acceleration and/or yaw rate. Here, reference is made to the article 
published in the ATZ journal 96, 1 994, volume 1 1 , pages 674-689, TDR - The Vehicle 
Driving Dynamics of Bosch," which discusses a system for the control of a value 
describing the driving dynamics of a vehicle. 

Please note that the sensor system shown in figure 2 only includes the elements 
absolutely necessary to implement the method according to the invention. Part of this 
sensor system, namely the wheel RPM sensors 201 i1j, is also required for the 
realization of a slip regulator. Additional sensors may be required, depending on the 
type of slip regulator to be realized in block 208. If, for example, we are dealing with a 
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slip regulator for the control of a value describing the vehicle's driving (traction) 
dynamics, a steering-angle sensor, a cross-acceleration sensor, as well as a yaw-rate 
sensor are generally required. Here reference is made to the above-mentioned 
publication TDR - The Vehicle Driving Dynamics of Bosch," which amply describes the 
above-mentioned systems. If a cross-acceleration sensor and/or a yaw-rate sensor are 
available, the cross acceleration and/or the yaw rate can also be measured. The 
measured values are then used instead of the calculated ones. However, the above- 
mentioned preview function, issued by the steering-angle sensor, is then no longer 
guaranteed. 

Since in block 208 we are dealing with slip a regulator, the regulating occurring in 
it in its basic function, is, as is known, based on the values nil j and vf, supplied to block 
208, which were used for the determination of the slip values present at the wheels. 
Furthermore, a value mot2 is supplied to block 208 from the engine 210, describing, for 
example, the RPM of the engine 210, and which is required in block 208 for the 
implementation of the engine actions. Also, supplied to block 208 are the values ST2, 
generated in a block 209, which represents the control logic system for the actuators 
mounted in the vehicle and the engine and in as far as available, also for the retarder. 
The values ST2 inform the regulator which actuators are currently triggered and how the 
retarder is triggered. Based on these previously mentioned values, the regulator 208 
determines the values ST1g, which, as values ST1, are supplied to the control logic 209 
and in whose correlation to engine 210 or the actuators 212i1j are triggered for the 
realization of the slip control implemented in the regulator 208 as its basic function. 
This means that the values ST1 inform the control logic 209 which actuators and how 
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both they and the engine are to be controlled. With regard to generating the values 
ST1g according to the regulation implemented for the basic function, reference is made 
to the previously mentioned publication "FDR - The Vehicle Driving Dynamics of 
Bosch." As is generally known, the control is based on a comparison between the actual 
slip values and the preset slip values independently of the type of slip regulators. 

In addition to the control implemented in the basic function in block 208, its task 
is also to stabilize the vehicle or prevent it from tipping over. Within the scope of a 
tipping prevention, the regulator basically fulfills two tasks. On the one hand, it converts 
the values Si1j or SM or SR, determined in block 206, into the corresponding signals 
ST1u, which are supplied to the control logic 209 as the values ST1, and based on 
which braking torques and/or driving torques are produced and/or changed and/or 
retarder actions are executed on the wheels, in order to reduce the vehicle speed to a 
preset speed value, or to maintain it at the preset speed value. In the above 
description, the block 208 also provides the values Ri1j. 

Several procedures are feasible for the output of the values ST1 g or ST1 u as 
variables ST1 . If the regulator 208 only produces the values ST1g, the outputted values 
ST1 are identical to these values St1g. If the regulator (control unit) 208 generates the 
values ST1 g as well as the values ST1 u, either the values ST1 u can be outputted 
instead of the values ST1g, or the values ST1u are superimposed on the values ST1g. 

In order to stabilize a vehicle on the verge of tipping over, a longitudinal vehicle 
axis or avoid the danger of it tipping over, according to the invention, in appropriate 
brake actions, all the wheels of the vehicle are uniformly braked and/or the torque 
released by the engine is reduced through corresponding engine actions, and/or a 
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retarded action is carried out. As an alternative to a uniform braking of all the wheels, it 
is also possible, through the corresponding brake interventions, to brake the wheels of 
the vehicle in such a way that at least the rear wheel on the inside of the curve is braked 
less than the other wheels of the vehicle and/or not braked at all. This offers the 
chapter advantages described in the " Advantages of the Invention". 

The term "uniform" used to with reference to the brake intervention will be 
explained now. By "uniform braking" is understood that the same brake pressure is 
supplied for all the wheels. Thereby, the brake pressure on the wheels can be 
increased until a wheel reaches the blocking threshold. The brake pressure is not 
increased any further for this wheel. The brake pressure can still be increased for the 
other wheels. In the event of an alternative braking, from the start a different, namely 
lower brake pressure is provided at least for the rear wheel on the inside of the curve. 

In block 209, the control logic, the values ST1 produced by the regulator 208 are 
converted into control signals for the engine 210 and the vehicle actuators. A brake 
force can be produced at the corresponding wheels by means of the actuators 21 2i1 j. 
To control the engine 210, the control logic produces a signal mot1 , by means of which, 
for example, the throttle valve of the engine can be influenced. As an alternative, it is 
likewise possible to act upon the fuel injection volume supplied to the engine. To 
regulate the actuators 212i1j, in particular designed as brakes, the control logic 209 
generates the signals Ai1 j, by means of which the braking forces generated by the 
actuators 212i1j and exerted at the corresponding wheels, can be influenced. 
Furthermore, the control logic 209 produces the above-mentioned values ST2. 
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If the vehicle is provided with a retarder 21 1 , the control logic can also generate a 
signal FR r which controls the retarder. It is also possible for the vehicle to be provided 
with chassis actuators to act upon the vehicle chassis. 

The brake system used in figure 2 could be a hydraulic or a pneumatic or an 
electro-hydraulic or an electro-pneumatic or an electro-mechanical brake system. 

The flow diagram of figure 3 shows the method according to the invention 
implemented in the device according to the invention. 

The method according to the invention starts with step 301 . The values aq or 
aqgrenz are determined in this step. Reference is now made to block 205 of figure 2, in 
which these values are determined. A step 302 follows the step 301 . In step 302 r the 
value aq is compared with the characteristic value aqgrenz. If in step 302 it is 
established that the value aq is smaller than the characteristic value aqgrenz, which 
means the vehicle is not in a cross-dynamically critical driving situation, step 301 is 
repeated after step 302. If, on the other hand, in step 302 it is established that the value 
aq is greater than or equal to the value aqgrenz, which means that the vehicle finds 
itself in a cross-dynamically critical situation, the step 303 is executed after step 302. 

The value vfgrenz is provided in step 303. Here too, reference is made to the 
description of block 205. A step 304 is executed after step 303. 

In step 304, the value vf describing the vehicle speed is compared with a preset 
speed value vfgrenz. If in step 304 it is established that the value vf is smaller than or 
equal to the value vfgrenz, which means that the vehicle exhibits a speed at which there 
is no danger of overturning, step 301 is repeated at the conclusion of step 304. If, on 
the other hand, in step 304 it is established that the value vf is greater than the value 
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vfgrenz, which means the vehicle exhibits a speed at which it is in dangers of 
overturning, a step 305 is executed after step 304. 

The above-mentioned brake interventions and/or engine interventions and/or 
retarder actions for the reduction of the vehicle speed are conducted in step 305. The 
signals and/or the values Si1 j or SM or SR produced in this connection in block 206, are 
not shown in figure 3. The step 301 is repeated after the step 305. Since the vehicle is 
decelerated with each brake intervention and/or engine intervention and/or retarder 
action, and thus the cross acceleration aq of the vehicle is reduced, in step 301 the 
cross acceleration is re-determined and subsequently it is verified in step 302 whether 
the cross-dynamically critical vehicle condition still exists. A reduction of the vehicle 
speed is attained by running through steps 301 to 305 several times. 

An alternative configuration consists in that, after step 305, one goes back to 
step 304 rather than to step 301 . Thereby the vehicle speed is reduced as long as the 
inquiry occurring in step 304 is fulfilled and the vehicle is not in danger of tipping over. 

In conclusion it may be emphasized that the type of implementation example 
selected in the description and the representation shown in the figures should not have 
a limiting effect on the main idea of the invention. 
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PATENT CLAIMS 

1 . Method of stabilizing a vehicle, especially to prevent the vehicle from tipping over 
a longitudinal vehicle axis by which a value (aq) describing the vehicle's cross 
dynamics is determined, by which at least one characteristic value (aqgrenz), in 
particular a threshold value for the value describing the vehicle's cross dynamics 
is compared, characterized in that in cases when the value describing the 
vehicle's cross dynamics is greater than or equal to the characteristic value, the 
vehicle speed is reduced to a preset speed value (vfgrenz) or maintained at a 
preset speed value by means of brake interventions (Sixj) on at least one wheel, 
and/or through engine interventions (SM), and/or retarder actions (SR). 

2. Method as per claim 1 , characterized in that the value describing the vehicle's 
cross dynamics, here a value describing the vehicle's cross acceleration is used 
here, is determined at least as a function of one value (vf) describing the vehicle 
speed. 

3. Method as per claim 2, characterized in that the value describing the vehicle's 
cross dynamics is further determined as a function of a value (omega) describing 
the vehicle's yaw rate. 

4. Method as per claim 4, characterized in that the value describing the vehicle's 
yaw rate is determined at least as a function of the value describing the vehicle 
speed and a value (delta) describing the steering angle of the vehicle. 

5. Method as per claim 1 , characterized in that: 

■ the characteristic value is a preset value, or a value determined for a given 
vehicle condition, and/or 
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■ as characteristic value is used the value describing the vehicle's cross 
dynamics still permitted without the vehicle becoming unstable upon 
reaching it. 

6. Method as per claim 1 , characterized in that the characteristic value is 
determined at least as a function of a value (Rixj) describing the wheel load of at 
least one wheel, in particular the contact force of a value describing this wheel is 
used as the value describing the wheel load. 

7. Method as per claim 6, characterized in that the characteristic value is 
determined as a function of the value describing the wheel load of at lest one 
wheel on the inside of the curve; or that a value describing the vehicle mass is 
determined as a function of the values describing the wheel loads, and the 
characteristic value is read from a characteristic map by means of the value 
describing the vehicle mass. 

8. Method as per claim 1 , characterized in that the preset speed value (vfgrenz) is a 
pre-determinable value; or that the value to be set is determined at least as a 
function of the characteristic value and/or a value (omega) describing the yaw 
rate of the vehicle; or that the value to be set is determined by means of a 
characteristic map. 

9. Method as per claim 1 , characterized in that the brake interventions and/or the 
engine interventions and/or the retarder actions are performed as long as the 
speed value to be set is lower than a value (vf) describing the vehicle speed. 

10. Method as per claim 1, characterized in that all the vehicle wheels can be 
uniformly braked through appropriate brake interventions, whereby at least the 
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rear wheel on the inside of the curve is braked less than the other wheels of the 
vehicle and/or not braked at all; and/or that the torque released by the engine is 
reduced through appropriate engine interventions. 
1 1 .Method as per claim 1 , characterized in that the characteristic value is slightly 
reduced, whereby the value describing the vehicle's cross dynamics is compared 
with the reduced characteristic value, whereby for the case in which the value 
describing the vehicle's cross dynamics is greater than the reduced characteristic 
value, the vehicle speed is reduced to a value to be set at least through brake 
interventions on at least one wheel and/or engine interventions and/or retarder 
actions. 

12. Device for the stabilization of a vehicle, in particular for preventing a vehicle from 
tipping over a longitudinal vehicle axis, which contains elements (205) by means 
of which the value describing the vehicle's cross dynamics is determined, and, 
further, by means of which the value describing the vehicle's cross dynamics is 
compared with a characteristic value, in particular a threshold value for the value 
describing the vehicle's cross dynamics, characterized in that for the case in 
which it is established that the value describing the vehicle's cross dynamics is 
greater than or equal to the characteristic value, the vehicle speed is reduced to 
a preset speed value or maintained at a preset value at least through brake 
interventions on at least one wheel and/or by engine interventions and/or retarder 
actions. 
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FIGURE 3 

1 make vfgrenz available 

2 determine 

3 brake interventions and/or engine interventions and/or retarder 
actions 
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